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1.0 	 SCOPE. 
This specification establishes the performance, design,
 
development.and test requirements for an experimental Digital
 
Flight Control and Landing System (DFCLS) for the CH-46C heli­
copter. All elements and contract end items of the DFCLS shall
 
conform to the requirements delineated herein. The DFCLS shall
 
be used to demonstrate and evaluate flight control concepts
 
under 	closely monitored flight test conditions and is not
 
intended to be an operational system.
 
1.1 	'Descriptive Title.
 
CH-46C DIGITAL FLIGHT CONTROL AND LANDING SYSTEM (DFCLS).
 
2.0 	APPLICABLE DOCUMENTS.
 
The following documents, of the exact issue shown, form a
 
,part of this specification t6 the extent specified herein. In
 
the event of a conflict between documents referenced here and
 
-other detailed conten of Sections 3.0, 14.0, 5.0, the detail
 
conteht of Sections 3,0, 4.6, and 5.0 of this specification shall
 
.be considered a superseding requirement.
 
2.1 	 Sp.ecfications. 
2.1.1 Federal. 
2.1.2 Military.
 
MIL-E-1E -Electron Tubes
 
Amendment 3 General Specification for
 
Supplement 1F
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MIL-T-152F 
Amendment 2 
Treatment, Moisture and Fungus 
Resistant of Communications, 
-Electronic and Associated Electrical 
Equipment 
MIL-E-4158C 
Amendment 3 
Electronic Equipment Ground, 
General Requirements for 
TIvL-E-540OK(ASG)Electronic Equipment, Aircraft,
 
IvUL-I-6181D 

Change 3 

IL-T-5422E 

MIL-R-9673B 

Amendment 2 

MIL-F-14072 

Amendment 1 

ML-H-8501A 

a.1.3 Contractor
 
-6200-947015 

6200-947115 

62od-947005 

6200-947105 

6200-947110 

*6200-947011 

6200-947111 
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General Specification for
 
Interference Control Requirements,
 
Aircraft Equipment
 
Testing, Environmental, Aircraft
 
Electronic Equipment
 
Radiation Limits, Microwave and
 
X-Radiation Generated by Ground
 
Electronic Equipment as Related
 
-to 
 Personnel Safety
 
Finishes for Ground Signal
 
Equipment
 
Helicopter Flying and Ground
 
Handling Qualities; General
 
Requirements for
 
Evaluation Pilot's Controls and
 
"Indicators Specification
 
Evaluation Pilot's Controls and
 
Indicators; Interface Document for
 
Radar Altimeter System Specification
 
Radar Altimeter System; Interface
 
Document for
 
Data Adapter; Interface Document for
 
Control and Indicator Panel,
 
Monitors Specification
 
Control and Indicator Panel;
 
Interface Document for
 
2
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6200-947012 

6200-947112 

2.2 Standards.
 
2.2.1 Military
 
MIL-STD-130 

Change I 

kIL-STD-143A 

MIL-STD-40l 

*KEL-STD-415B 

MIL-STD-454B 

I-L-STD-461 

MIL-STD-462 

,MIL-STD-47o 

MIL-STD-785 

MTL-STD-803A 

,MTL-STD-810B 

MS-33586A 

2.2.2 Contractor.
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Flight Safety Monitor Specification
 
Flighti Safety Monitor;
 
Interface Document for
 
Identification Marking for-U.S.
 
Military Property
 
Specifications and Standards,
 
Order of Precedence for the
 
Selection of
 
Electromagnetic Interference
 
Characteristics, Requirements

for Equipment
 
Test Points and Test Facilities,
 
Design Standards for
 
Standard General Requirements

for Electronic Equipment
 
Electromagnetic Interference
 
Characteristics, Requirements
 
.for Equipment
 
Electromagnetic Interference
 
Characteristics, Measurements of,
 
dated July 31, 1967
 
Maintainability Program Require­
ments for Systems and Equipments
 
Requirements for Reliability
 
Program for Systems and Other
 
Equipments
 
Human Engineering Design Criteria
 
for Aerospace Systems and Equipment
 
Environmental Test Methods
 
Metal, Definition of Dissimilar
 
3 
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2.3 	Drawings.
 
2.4 	Bulletins.
 
ANA 400 Electronic Equipment, Aircraft
 
Amendment 2 and Guided Missiles, Applicable
 
Documents
 
2.5 	Handbooks.
 
6200-933032 Operational Manual for DFCLS
 
2.6 	 Other Publications.
 
American Standards Association
 
Y32-16-1965 Electrical and Electronics
 
Reference Designations
 
AFSoM 80-3 Aerospace Subsystem Design
 
3.0 -	 REQUIREMENTS. 
The definitions to be used in this specification are as
 
listed in this paragraph unless specifically identified or
 
defined. 
(a) Vectors will be designated by a sub-written bar. For
 
example:
 
ax1 
aT = 	 the transpose of a. 
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(b) A component of a vector is indicated by a lower case
 
subscript and the coordinate system in which the component is
 
being expressed by a lower case superscript. For example:
 
b
 y= the y component in the b frame coordinate syslem 
of r. 
(c) The following superscripts will denote the c6ordinate
 
frames,defined in Table 1.
 
is - Inertial sensor
 
a - Accelerometer
 
g -Gyro 
i - ISU 
b - Body 
I- Local vertical 
- h - Heading vertical 
an - Approach Navigation 
(d.) An error in the component of a vector is indicated by
 
a A preceding the component of the vector. For: example:
 
A = 	 the error in the x component iW the b coordinate 
system of r. 
(e) The subscript i wjill indicate the initial value of a
 
variable while the subscript c will indicate the commanded value
 
-of the variable.
 
Example: (1) ran
rxj the initial value of the x component of 
:the displacement vector in the ANE 
coordinate system. 
(Continued on Page 8)
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TABLE I 
COORDINATE FRAMES 
1. 	 Inertial Sensor Frame
 
Origin: At a defined point within each sensor (accelero­
meter or gyro)
 
Orthogonal 	triad defined by: Input-output-spin (pendulosity)
 
axes of sensor
 
2. 	 Accelerometer Frame
 
Origin: 	 At a defined point within the ISU. Non-crthogonal
 
triad defined by the input axes of the three
 
accelerometers
 
3. 	 Gyro Frame
 
Origin: 	 At a defined point within the iSU. Non-orthogonal
 
triad defined by the input axes of the three gyros
 
4. 	 ISU Frame
 
Origin: 	 At a defined point within the ISU. Orthogonal
 
triad defined by an optical cube mounted on ISU.
 
5. 	 Body Frame
 
Origin: At a defined point fixed in the aircraft
 
X-Axis Nominally coincident with the aircraft longitudinal
 
axis and directed forward
 
Z-Axis In the aircraft plane of symmetry and directed
 
downward (relative to aircraft)
 
Y-Axis Completes orthogonal triad
 
6. 	 Local Vertical Frame
 
Origin: At a defined point in the aircraft.
 
X-Axis Horizontal and directed northward
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TABLE 1 (Continued)
 
Z-Axis Vertical'and directed downward
 
Y-Axis Conpletes orthogonal triad
 
7. 	 Heading Vertical Frame 
Origin: At a defined point in the aircraft 
X-Axis The orthogonal projection of the Body X axis onto 
the local horizontal plane
 
Z-Axis Vertical and directed downward
 
Y-Axis Completes brthogonal triad,
 
NOTE: 	 The Heading Vertical Frame orientation is obtained by
 
rotating the Local Vertical frame through the heading
 
angle '(azimuth angle) about the Z-axis.
 
8. 	 Approach Navigation Frame 
Origin: Fixed to runway touchdown point 
X-Axis Horizontal and paiallel to the runway axis in the 
direction of travel
 
Z-Axis Vertical and Directed downward
 
Y-Axis Completes orthogonal triad
 
NOTE: The Approach Navigation Frame orientation is obtained
 
by rotating the Local Vertical Frame with origin at
 
the touchdown point through the runway heading angle 
about the Z-axis. 
9. 	 -Inertial Frame 
Origin: Center of the earth 
X-Axis In the earth's equatorial plane directed through
 
prime meridian at some reference time
 
Z-Axis Along rotation axis of earth
 
Y-Axis Completes orthogonal triad
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( ).yc	 =(2) rb the commanded value of the y component 
-of the velocity vector in the body axis
 
coordinate system.
 
(f) p, q, r Angular velocity of the aircraft with respect
 
to the inertial frame resolved along the x, y, z Body axes
 
-respectively.
 
(g) , b, 0 Euler angles azimuth, elevation, and roll
 
taken in that order so as to arrive at the Body frame from the
 
Local Vertical frame whose x-axis is north and whose z-axis is
 
down.
 
( hvh, vz h Velocity of the aircraft center of gravity
VX , 	vy .
 
-iVith 	respect-to an earth-fixed frame resolved along the x, y, z
 
Heading Vertical Axes respectively.
 
*an an an
(i) 'r  ry Position of the aircraft in the approach 
navigation frame. ­
(j) AVc , Av~, AVcz Guidance commands of velocity to be
 
gained in the Heading Vertical Frame.
 
(k) 6 	Sideslip angle
 
;(1) $ angle between ANF x-axis and the vehicle velocity
 
vector.
 
(m) 	Va Airspeed
 
- Vat = 1 s--V Filtered Airspeed
 
= airspeed filtering time constant 
-Va
 
Vaf< h
*Va' = 	Vaf-if 

v• :if Vaf V
 
effective speed.
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(n) A variable subscripted by "cd" means commanded value
 
of that variable but used for display purposes only. Example:
 
(1) cd means a commanded roll angle which is displayed but does
 
not automatically effect the helicopter through the flight control
 
system (FCS). Example: (2) Vcdx means "displayed only" command
 
velocity in the x direction of the Heading Vertical frame.
 
(o) 	8e pitch differential collective
 
6a roll cyclic
 
Sr yaw cyclic
 
6

- c collective
 
(p) 	Sec Pitch differential collective command
 
0ac roll cyclic command
 
Orc yaw cyclic command
 
- '°cc collective command 
(q) ep Pilot's longitudinal axis control displacement,
 
Control Stick (+ forward) .
 
seps Pilot's longitudinal axis control displacement,
 
Side 	Arm Controller (+,forward)
 
-
I
 
bap:Pilot's lateral axis control displacement, Control
 
Stick (+ right)
 
'Saps Pilot's lateral axis control displacement, Side
 
- arm controller (+ right)
 
Irp Pilot's yaw axis control displacement, rudder pedals
 
(+ right pedal)
 
- c Pilot's vertical axis control displacement, 
- collective stick (+ up). 
Report No. 6200-933033 
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3.1 Performance. 
The airborne components of the DFCLS shall be installed
 
aboard the CH-46C helicopter in accordance with the contractor
 
documents listed in Paragraph 2.1.3 and shall provide a multi­
mode flight control system, a guidance system for the terminal
 
phase of landing and the pilot displays required to support these
 
functions. The flight system shall exhibit handling character­
istics and monitoring displays which shall be acceptable to pilotE
 
System safety shall be insured by monitoring of the conventional
 
helicopter displays and visual cues by the Safety Pilot who shall
 
have the option of taking control of the vehicle at all times.
 
The DFCLS system shall not be required to provide automatic
 
monitoring and switchover to the Safety Pilot in the event of
 
malfunction.
 
The guidance functions of the DFCLS shall be based on
 
position measurements of the helicopter with respect to an
 
orthogonal coordinate system called the Approach Navigation
 
Frame (ANF) which is defined in Table 1. The devices required
 
for measurement and transmission of the position coordinates
 
shall constitute the ground based portion of the DFCLS system.
 
'3.1.1 Performance Characteristics.
 
The combined performance of the ground based and
 
airborne components of the system shall be such as to permit a
 
Report No. 6200-933033 
 10 
Bell Aerospace Company 
pilot trained in the operating procedure to carry out an instru­
ment approach and landing or a fully automatic approach and 
landing totouchdown. No characteristic of the combined per­
formance of the equipment, including its monitors, status
 
indicators, flag vwarnings and any other specified safety provisions,
 
shall lead the pilot to diverge beyond acceptable limits from tne
 
defined flight path, or lead him to believ he is on the defined
 
flight path when in fact he is not. Absence of vali'd position or
 
angle measurements for display or computational purposes or
 
malfunction of computation and control functions shall be
 
signalled by conspicuous warning indicators.
 
3.1.1.1 Operational.
 
This paragraph specifies the experimental
 
operational requirements for flight test of the DFCLS in the CH-46C
 
helicopter..
 
3.1.1.1.1 Employment. 
The airborne components of
 
the DFCLS shall interface mechanically and electrically with the
 
Vertol CH-46C helicopter at NASA/Langley Research Center and shall
 
be compatible with the environment indigineous to this vehicle.
 
The DFCLS shall interface with and effect control of the CH-4sC
 
through the Lear, Inc. Electric Input Servo System (EISS) which
 
forms part of the VSS system of the CH-460.
 
The ground based segment of the DFCLS shall.be a position
 
measuring system equivalent in performance to the GSN-5 radar and
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the link between the ground measured parameters and the CH-46C 
helicopter shall be a high performance digital data link equivalent
 
in performance to the Gel itni Data Link, 
3..1,i.1.1 Landing Profile. 
The DFCLS shall be 
in a landing mission. The helicopter shall be
 
directed to fly a fixed path to a touchdown. The profile of this
 
-demonstrated 

~an an 
path shall be as shown in Figure 1. In this figure (ra , -y
 
an
 
r< ) are the coordinates of a point in the ANF frame defined in
 
,Table 1.
 
The lateral profile, Figure 1A, requires that the selected
 
-fixed flight path lies entirely in the vertical plane which
 
contains the X-axis of the ANF coordinate system.
 
The Horizontal Velocity Profile, Figure 1B, shall consist
 
of phases'as shown in Table 2. The Standard Values Column in
 
Table 2 defines the mi-sifon parameters which"shall comprise the
 
primary mission for the DFCLS demonstration. The Range column
 
of Table 2 defines the maximum and minimum values of the listed
 
phrameters which may be selected and.over which the DFCLS shall be
 
capable of operating.
 
The Vertical profile, Figure IC, shall consist of phases as
 
shown in-Table 3. The listed segments correspond with those
 
shown in Figure 1B and in Table 2. The Standard Values column
 
of Table 3 defines the vertical parameters which shall comprise
 
the primary mission for the DFCLS demonstration., The Range
 
Continued on Page 17)
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A. LATERAL PROFILE 
Y 
ti 7j 
f e de. 
I--
B. VELOCITY PROFILE 
2 2 
'x~y 
i 9,,- f e d V C " 
"Z C.- VERTICAL PROFILE -
.. -. -o 
d c b 
x 
"p -
FIGURE V LANDING PROFILE 
Repot No. 6200-933033 13 
TABLE 2 HORIZONTAL VELOCITY PROFILE 
'd SEGMENT DESORIPTivE (SEE FIG NAME OF 	 CHARACTERISTICS MAGNITUDE 
 RANGEC+ n1) PHASE {f 
o I 	 h

ab Initial Con- VHold horizontal ve ocity i so knots 42 knts<vh <a4o itsXC
o) 	 istant V&ocity at initial ValueV i . 
o 	 Phase 
w 	 bc Initial De- tC%istant Deceleraton 2 ft/sec i' < /sec
0 Iceleration V to velocity V , v- 42 k s. 
oPhase X knots 4 ±
-
-ws required during descent Xc X ± 3 kno's 
on glide slope K -
CD
 
cf, 	 ,Constant Vel-IHold horizontal velocity = 42 knots 1 = 42 knots 0 
ocity Descent Vhbat tPhase 
fg 	 Flare Phase Constant Deceleration x= 2 ft/sec /e 
an to veiocity, al-' 	 ft/esole O.-an=,( ft/sec O,/see oe, 
titude and range selected1 a 2 
for final approa.ch to pa rzc= 50 ft 20' zC 50 ft 
X-r a 	 f t200ft 0ft~lranj<500
xc 	 IX 
~ne and2ra shall be related such that 
xc X
 
the deceleratio required shall not
 
exceed 2 er q d l
 
0 
M 
'V 
10 
p 
LO 
L) 
o -. ~TALE 2 
SEGMF DESCRPTIVE 
(SEE FIG mAim OF1B) PHASE 
g proach to 
Pad Phase 
HORIZONTAL VELJOCITY PROnItE (CON TINUED) 
CHARACTEISTICS AGNITtDE 
Linear Deceleration to At Bover Point 
Sover over-touchdown an 
(T.D.) point. e c 
ane 
- -__ 
RAN&E 
At Hove r PoInt 
an 
rx = 
"Ir• 
V %;ert des- --oommand vertical descent 
a---n 
r = 
an 0 
. 
ouchdown 
•1 "' - DOWN j2i/seec
<Va n 8 s 
I '~ 
I.d ei1 2t £b/sewK 
(D

10
 
0
 
Ct 
C)

0

0I
 
0 
Uj 
TABLE 3 VERTICAL' PROFILE 
(SEE FT DESCRIPTIVE NAME CHARACTERISTIC STANDARD 
VALUE RANGE
 IC )OF PHASE 

ab Altitude/Velocity Hold horizontal velocity at I= 80 knt 42 ktsVb-a 140 ks 
Hold initial value and altitud. l =0l 
at initial alittae, r~ -0 ft 3Ot rfr5t 
bc ltitude Hold/Initial Hold initial altituder ..See r -800 ft 300'<15001 
-
Deceleration Phase Table 2 for velocity prohle. t1 1
 
cd Altitude Hold/Approach Hold initial altitude,ran as mOD = 300 ft 0'<CD<IOO'
 
to Glide Slope Table 2 for velocity przofi =-80o ft 3OOI Iran 150 
df lPhase .Jnst velocity, V , as in See Table 2 See Table 2-

Table 2. Fixed Glid' Slope Gamma = 60 3°<Gamma<151
 
at angle Gamma
 
fg -Flare Phase ,See Table-2 See Table 2 Se N -ff2, . ran :5 'I 5~an 
gi Approach to pad phase 'Altitude hold at rzc. See Table rz =_50 ft. 207+f 
-12 for velocity profile See Table 2 See Table 2
 
SVerticalTD Descent to jDescend to pad vertically at Dnft/esec See Table 2
 
Oh T.D. . _ -noinal4 ft/sec Down Command
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column of Table 3 defines t- , maxim-im and 1i4Itl)jq I. .as th , 
listed' parameters over 1 hici ;he DFCLS sha-3- 1ca 
operating.
 
The allowable maximu -or in each of h.' y-' dec-rbd 
-in Table 2 and Table 3 sha:lK- given by thlt r4t 1 ,jr rejlion­
ships: 
fArnj 5s-n+ 180= < 100 feet
Z 	 +l0,00C'x ­
an mI x36 
- Arn m--a-± G"'r ;
.
n <_ 20 feet/rQcSU, 
J ranj 5 +an 
.an x = 4 + (_180 )an
Yr
' Imax 10,030 n 
.aan
 
ar- n = 0< 20 feet/secondl [max 
3,LI.1.i.2 	 Guldan(,o taws. 
The GUijdance Laws snall. be 
formulated to satisfy the requirements of thil paragraph. 
.a, The Guidance Laws f ,all direct the hb,.Lcopter to fly the 
path described in Paragraph }01.1.l.1, Landlug Profile, and 
-shall be consistent with the tolerances listed tIn Tables 2 and 3. 
b. The Guidance Laws r0h,.ll be based on (thiposition coordina:es 
a(rn , ) the hellQpter measured in ihe ANF coordinate 
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system, the helicopter heading with respect t o the runway e'enter­
-line and the airspeed.
 
c. TfVe Guidance Laws shall have as their output, the ­
components of Lhe incremental velocity commands to the velocity 
vector expressed in the Heading Vertical frame defined in Table 1. 
Any additional coordinate transformations or processing required 
to control the helicopter such that the required total velocity 
vector is realized shall be functions of the Flight Control 
System (FCS). 
d. The Guidance Laws shall not develop excessive sink rate
 
commands at any altitude and the maximum allowable sink rate
 
required to satisfy the Guidance Laws shall not exceed 20'/sec
 
below the 100 foot al-itude level.
 
e. The Guidance Laws considered together with the Flight
 
Control Laws shall not permit an orbiting situation to develop.
 
Orbiting is defined as a closed flight path in the lateral control
 
modes.
 
The Guidance Laws shall not result in the commanding of a
 
-forward and lateral velocity such that the combination results in
 
an overshoot of the ANF centerline greater than 25 feet + 15% of
 
initial lateral displacement or 150 feet whichever is less. The
 
Guidance Laws shall not result in forward and lateral velocity
 
caommnands which result in repeated overshootsof the'centerline.
 
The angle of incidence between the command flight path of the
 
helicopter and the centerline shall not exceed 300.
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The requirements of this paragraph shall be met f or
 
the 'initial conditions defined in Paragraph 3.1..i.i.4.2o
 
f.- There shall be two guidance options available and pilot
 
selectable. These shall be designated GUID.l and GUID.2. The
 
GUID.1 and GUID.2 options shall be identical in requirements for 
interfacing with the Flight Control System (FCS) and both
 
systems shall satisfy the requirements of this paragraph. GUIDC1
 
and GUID.2 may differ in the concept and mechanization of the
 
Guidance Laws and the two modes shall be available for test and
 
evaluation in comparing alternative Guidance Law formulations.
 
The requirements for integrating these modes into the FCS
 
system are specified in paragraph 3.1.1.1.2.3.
 
3.1.1.1.1.3 Flight Control Modes. 
(a) •The Flight Control
 
System (FCS) shall have modes as specified in Table 4, These
 
modes shall be pilot selected by suitable cockpit switch functions
 
and the selection shall beclearly indicated. Each mode shall be
 
available by selecting the-appropriate switch function irrespective
 
of the flight control mode which is operative prior to tie
 
telection. There shall be no transient introduced by the switching.
 
x-The Control stick position, thepedal position, side arm controller
 
(SAC) position and all instantaneous outputs of the attitude and
 
velocity sensors at the instance of-mode switching shall become
 
the reference values for the selected mode.
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:TABLE4,, 'FLIGHT:CONTROL MODES 
( ' C OMANDS 
NODE STICK PDL SIDE ARM COLLECTIVE 
oC( STICK 
0 
o 
W 
0 
U) 
FF 
ro 
SAS 
T 
None. The DFCLS is inoperative and the helicopter is controlled by . 
te SaetyPilot. 
Pitch Rate, Roll JYaw Rate (2%) None ,Rotor lift as for 
Rate (q,pc) I ''bare helicopter
PtcAngle, Rol-'Yaw-Re--r--- None Rotor lift as for 
.geQ'barehelicopter 
AT-.-
VEa.--l. 
Sa s "ATT. -
Forward Ac e 
eration, ) 
2. Lateral Ace-
eration(VT 
|Sa 
-,-s 
) 
_ 
s--
777-1 
" 
None 
None 
__ _ 
Vertical 
icommand 
I-C 
velocity(V ,) 
2 IVU7 
WVu 
C" 
VEL.2- a. TIncremental.forwa dhve o- Same as ATT.V None ,Bame as ATT.2 
Scity 
L• 
AVcx +integral of 
pitch stick 
position 
i 
ro 
o 
, ~ 
2. Incrementallateral vel.' 
V1 AA+ inte­
a sc 
gral of roll 
' ___istick*VstoneTsai e as tt.l. 
SNaes,' 
_ ___ _ ._._Tncrementa! for- Same 
ward velocity 
(,v" +integral of 
con~roller pitch 
iposition
Incremental later­
al vol (Avtv-I-inbegral of couCrolle 
as Mtt.2 
r intacve.e are nac ivet j re]T ove . .... .... ...... ... 
0 TABIE 1 , FLIG 'CONTROL MODES (CONINUED) 
Cr 
0 
S MODE 
CONTROL FEEDBACK 
DIFFERENTIA ROLL 
(* = Feed Forward) 
YAW COLLECTIVE \ 
TL CYCLIC CYCLIC 
o COLLECTIVE LT CYCLIC 
0q 
OFF 
I 
None.
WQ__ The DFCLS is inoperative and the helicopter is controlled by the Safet Pilot. 
p -W -3-nots r, 7-- Noneii2.V'<35 knots r 
--
AT. AG, ---
: 
Eq, 
., 
P a>55 k3
ce0*, r,.fl TtoNone 
- 2. V<35 kts,r,Ay 
ATT.2 ,Same"asFA. 1 Same as ATT.flSame as ATT.1 Verti Velocity 
,,_vaz )0Roll Angle(0)+ 
VEL.J IAGg, OA0,p, Vat ISame as ATT.1 Same as ATT.2 
VEL.2 !V , Sae as ATT. Same as ATT.2 
VEL.3 ,'AG, q, I'V ,P, V ;Same as ATT1 Same as ATTo2 
AUTO 
t 
a, q, I 0, p, Va 1. Va>35 kts,0c r, ,8 Same as ATT.2 
S'2. Va<35 kts 
1," , , f'= (¢c'vg), 
.p"_____" _"' t j'See Para. 3.1.1.1.1. 
RD~ 
TABLE 4 FLIGHT CONTROL MODES ('CONTINUED) 
i FLIGHP DIRECTOR DISPLAY ARU-2B/A OR EQUIVALENT
 
0 SYSTEM NOT FUNCTIONING NAVIGATION SYSTEM COUPLED TO AN? FRAME
F - NAVIGATION 
PITCH BANK COLLECTIVE DIRECTOR PITCH BANK COLLECTIVE DIRECTOR 
? MODE E-;,O ND COMMAND COMMAND BAR COMMAND COMMAND COMMAND BAR 
p pp BAR BAR INDEX FLAGS BAR BAR INDEX FLAGS 
o OFF 6 a No No jNo Command Flags T G No No No Command 'Flags1o o ad Cmmand I Visible Command Command vlsiible 
-SAS e Ih e h 
x
.. 
_____. cd ep ed-ap cdz z0 [Absent [ 
'-O .T.. . I IT I 
-_ATT.___" GJ qGs Same as SAS 8 0 
-ATT. E) 0 I" " 0 Same as Same as Vh dz-e
 
I ATT.l ATT. e
 
VEL.19E ' 1 G0" Vd same asV O"t? ep Va d a ATT.2 
I cd PTT.-___-­cdx-s ep -6 
'-8 0__V -u Sae s 
V e 0 0akc Same as 
VWL.39O 0- " " 'Same as~cd
-
ATT.2 w
 
AUTO E) F"orward ateral Vertica , 
Fd 0 ErrsoelErro elvErrorI h h Vn 
cz -
NOTES 
are no commaads.
locked and there 

o1 2 FlagsFlags absent meansmeans director barsdrector barsdisplayare command errors or in AUTO mode, velocity errors.vi ible 
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(b) When the navigation
 
systems are functioning, guidance commands shall be generated in
 
accordance i.iith Paragraph 3.1.1.1.1.2. When the AUTO mode of
 
the FCS is selected, the FCS shall automatically control the
 
helicopter in accordance with the incremental velocity commands
 
from the GUID.l or GTID.2 guidance laws, whichever is selected.
 
The velocity errors in each axis shall be 'isplayed.'
 
In the AUTO mode, inputs from the control stick,/rudder
 
pedals and collective stick shall not be accepted by the FCS.
 
Flight Safety shall be maintained by the Safety Pilot taking
 
control. of the helicopter with the standard flight controls.
 
(c) SAS, ATT.l, ATT.2,
 
VEL.l, VEL.2, VEL.3 are manual modes. When the selected mode
 
1s chosen from this set, the incremental 'velocity commands from
 
the GUID 1 or GUID 2 guidance laws shall be processed by sub­
systems of the Flight Control System and the Command appropriate
 
to-the mode selected (See Table 4) and the pilot's control
 
displacement shall be displayed as a command error. The pilot's
 
control displacement shall be a command to the Flight Control
 
System which shall control the helicopter in the manner indicated
 
in Table 4.
 
When the navigation systems are not functioning or are not
 
coupled to the ANF frame, or if neither GUID.1 nor GUID.2 has
 
been selected, the helicopter may be flown manually in any of
 
the SAS, ATT.L, ATT.2, VEL.l, VEL.2 or VEL.3 modes in-the manner
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indicated in Table 4. in these cases, no command error is
 
displayed and suitable warning flags shall be evident.
 
With neither GUID.l nor GUID.2 available, the AUTO mode of
 
FCS operation shall not be available.
 
(d) The FCS modes SAS, 
ATT.l, ATT.2, VEL.l, VEL.2, VEL.3 and AUTO shall be mutually 
exclusive with the last mode selected by the pilot being the 
mode in control. 
(e) The LAND mode may be
 
selected and may be simultaneously operative with each of the other
 
-six FCS modes.
 
The LAND mode shall control the helicopter in descent from
 
.point i to point j in Figure 1. When the AUTO mode has been in
 
control during approach, the helicopter shall be brought to an
 
automatic hover at point I and a signal shall be given when
 
conditions are ready for descent to the touchdown point, j.
 
These conditions shall be as shown in Table 5. The LAND mode
 
may then be selected and an automatic descent to the pad (point j
 
inFigure 1) shall be effected. The descent shall not begin
 
until-the conditions of Table 5 are satisfied.
 
- When the mode in control during approach was selected from 
-,SAS, ATT.1, ATT.2, VEL.l, VEL.2, VEL.3, the displayed command
 
errors shall enable the pilot to fly to a hover at point i and a
 
a signal shall be given when the conditions are ready for descent
 
(Table 5). 'The LAND mode may then be selected and the command
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TABLE 5 
REQUIREMENTS AT POINT (i), FIGURE 1 
FOR 
PROCEED TO TOUCHDOWN SIGNAL 
g 2W ,an,2 
\r* + (ry ) < 50 feet 
ran=nominal ran + 5 feet
 
z z 
an 2 + (n)2 < 4 feet/see
 
V < 2 ft/sec 
< 2°/sec 
<0$2.50 
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errors displayed wili continua the guidance to touchdown. In
 
these modes, the signal for satisfaction of the conditions for
 
readiness to-descent to the pad is advisory and the pilot may
 
select the LAND mode at any time. In the latter case, the
 
guidance to point j is a continuous extension of GUID. 1 
.or GUID.2. 
(f) Fbr all modes, turn
 
coordination when Va>35 knots shall be assisted by feeding a
 
suitably modified function of the roll angle commands, A 0 , into
 
the yaw cyclic control channel.
 
(g) For all modes, when V1 >
 
35 knots, side slip in non-turning flight shall be reduced by
 
feeding a suitably modified function of ,, the measured side­
,slip angle, into the Yaw Cyclic Control Channel.
 
(h) For the ATT.l, ATT.2,
 
VEL.l, VEL.2 and VEL.3 modes, a Heading Hold with pilot override
 
shall be incorporated when V < 35 knots. For the AUTO mode,
 
when VA< 35 knots, a blend of crab angle -and roll angle shall be
 
used to maintain the vehicle on the demonstration Landing
 
Profile of Paragraph 3.1.1.., when cross wind velocity
 
components are present. The blend shall require the helicopter
 
to head into the average relative wind such that the average roll
 
angle required for crosswind compensation does not exceed 5'.
 
(i) Compensation for loss
 
of vertical lift due to helicopter bank shall be accomplished by
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fLeeding a suitably modified function of the bank angle into the
 
ollective channel.
 
(j) The Flight Control System 
shall incorporate control stick, side arm controller and pedal
 
thresholds such that pilot induced oscillations (PIO) are
 
minimized. The threshold shall not exceed 51 of the total
 
-travel of the pilot's control.
 
Stick, pedal and sidearm controller commands shall be
 
commands with respect to the heading vertical coordinate system
 
in the Velocity modes and Attitude modes and the vehicle body
 
axis system in the SAS mode. These modes are defined in Table 1.
 
(k) The flight control laws
 
and flight control sensors shall be considered together such that
 
sensor noise does not result in faalty signals or exceed a
 
1 sigma noise of 0.1 inch in the collective,- pitch differential
 
collective, roll cyclic or yvw cyclic dhannels of the EJSS or
 
result in saturation of these channels.
 
(1) Vibration and shock
 
isolators which may be required by the flighc sensors shall not
 
deteriorate the system performande in accuracy or dynamic response
 
outside the limits of this specification.
 
-(m) 
The flight control laws
 
and sensors when considere, together shall-meet the accuracy and
 
dynamic response requirements of paragraph 3.1.1.1.1.4.3 with the
 
e.g. of the helicopter varying between 2.33 feet ahead of the
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,.midpoint between rotors to 0.83 feet behind the midpoint between 
rotors.
 
3.1.11.1.4 	Performance of Flight Control
 
System (CS).
 
3.l.l..1...l Tolerance & Constraints.
 
(a) In conjunction .%ith 
information from the GUID.l or GUID. 2 modes described in
 
Paragraph 3.1.1.1.1.2, the FCS shall be capable of flying the
 
profiles of Paragraph 3.1.1.1.1.1 with the tolerances and
 
constraints specified in that paragraph and in Paragraph 3.1.1.1.1.2.
 
(b) It shall be a design
 
objective of the FCS that a helicopter pilot with an instrument
 
rating and fully trained in the CH-46C type, is capable'of flying
 
under IFR conditions, the profiles of Paragraph 3.1.1.1.1.1 with
 
the tolerances and constraints specified in that paragraph and
 
in Paragraph 	3.1.1.1.1.2. It shall be a goal of simulator 
studies and subsequent flight testing to define the optimum
 
-configurations of the FCS modes defined in Paragraph 3.1.1.1.1.3
 
and to establish the modes for which the design objectives are
 
-attainable.
 
-- '., "" - --.: 	 (c) Within the constraints 
imposed by these performance requirements, a single dontrol law 
should include as much of the flight profile and flight conditions
 
as is feasible.
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-(d) The flight control laws
 
may be linear or non-linear and may differ for each operational ,
 
mode if required by-performance specification or sensor constraints.
 
(e) In the cE-46C, the FOS
 
shall be designed to meet the requirements of this specification
 
with the existing ELSS and helicopter control boost system. The
 
pitch differential collective, roll cyclic, yaw cyclic, and
 
collective are related to the commanded values of these controls
 
by an approximate quadratic transfer function with natural
 
frequency.of 15 hertz and a damping factor of 0.6. The FCS shall
 
satisfy all requirements with as much as ± 0.1 inch hysteresis
 
in all control axes and with a velocity limit of 5 inches/second
 
on'these controls.
 
(f) The FCS shall be designed 
to operate with the Feel and Trim system and control stick, 
pedal and collective pickoff sensors aboard the CH-46C helicopter. 
The trim system shall relieve stick and pedal forces but shall. 
tot reset any stored references in the FCS. The FCS shall be 
self-trimming where necessary to meet the requirements of this
 
specification.
 
The characteristics of the existing Feel and Trim System
 
are
 
The scale factors required to convert inches of pilot
 
controls to volts input to the EISS actuators.
 
Pitch Axis, 3.92 inches/volt
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Collective Axis, 6.41 inches/volt
 
Roll Axis, 2.111 inches/volt
 
yjaw Axis, 1.36 inches/volt
 
CH-46 Electric Stick Characteristics:
 
The stick forces are force/displacement gradients
 
given as follows:
 
Pitch differential collective, 10 lb/in.'
 
Roll Cyclic, 1.0 lb/in.
 
Inches measured at a radius of 25 inches
 
The pedal force is a force/displacement gradient
 
given as follows:
 
Yaw Cyclic, 4.0 lb/in.
 
.The collective force is a friction force which may be
 
adjusted by the pilot. The force is variable from essentially
 
zero to at least 5 lbs measured at a radius of 18.0 inches.
 
The electric stick has linear pots which vary on stick
 
position and have infinite resolution. The'output voltages
 
are as follows:
 
Pitch Axis, 0.4 volts/in.
 
Collective Axis, 0.33 volts/in -

Roll Axis, O.4 volts/in.
 
Yaw Axis, 0.8 volts/in.
 
CH-46C Trim System Characteristics:
 
The force trim system for pitch differential collective and
 
* roll cyclic operate from the "coolie hat" button on the stick. 
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Each axis has its own trim. The button activates a motor i-hich 
runs to relieve the force at 1.0 in/sec.
 
The trim on the pedals is similar to that on the
 
stick with the trim button being on the collective stick. 
There is no trim for the collective stick.
 
3.1.1.1.1.4.2 Adrissable Fliht Enveloce
 
and Winds. 
All performance
 
requirements of this specification shall be met under the conditions
 
described in this paragraph.
 
(a) Demonstration of
 
guidance to touchdown and engagement of the AUTO mode shall not 
be required except when the airspeed at initial engagement is
 
constrained as a function of range-to-go such that
 
v< t 
where V1 is the initial airspeed in feet/sec and X i is the initial
 
longitudinal offset in the ANF frame measured in feet.
 
(b) Demonstration of
 
guidance to touchdown and engagement of the AUTO mode shall not
 
be required except when the lateral offset at initial engagement
 
is constrained as a function of range-to-go such that
 
< ' X- 300SYi + Xifor 300 ft < 
,Yi< 50 for O<Xi< 300 ft 
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where Yi is the initial lateral offset in the ANF frame measured
 
in feet. 
(c) Demonstration of guidance
 
to touchdown and engagement of the AUTO mode shall not be
 
required except when the altitude above the touchdown point at
 
initial engagement is constrained as a function of range-to-go
 
such that 
50-_ Zi - 80 O< Xi .,300 ft
 
(X1i 4o)<Z< (X-300) tan 150 + 80., 300 ft<Xi-<3000 ft 
S14OKZi . [(Xi- 3 0 0 ) tan 150 + 801 3000 ft< XiJ011 
where Z. is the altitude at initial engagement. 
(d) -The horizontal winds
 
may have a speed up to 30 knots and may be in any direction.
 
(e) The maximum gusts for'
 
which the DFCLS shall be required to satisfy the tolerance and
 
dynamic requirements of this specification need not exceed
 
5 ft/sec H14S in the horizontal direction or 1.5 ft/sec RMS in
 
-the vertical direction. Horizontal and vertical gust may be
 
present simultaneously..
 
3.1.1.1.1.4.3 FCS.D.Vnamics.
 
The FCS dynamics shall
 
.meet the requirements of MEL-H-850A, "Helicopter Flying and Ground
 
32
Report No. 6200-933033 

Bell Aerospace CornpaiV
 
Handling Qualities, General Requirements for", unless in conflict
 
with requirements set forth in this specification in which case
 
the requirements of this specification shall take precedence.
 
-The FCS dynamic response shall beconsidered for three
 
magnitudes of system inputs (pilot commands or wind disturbances).
 
The first is the residual oscillations with no system inputs,
 
the second is response in the linear range and the third is
 
response to saturation signals.
 
3.1.1.1.1.4.3.1 	Residual Oscillations.
 
The FCS system shall
 
exhibit a residual oscillation due to EISS non-linearities,
 
sensor noise, sensor package hysteresis or quantizing of sensor
 
information or quantizing of commands to the EISS which shall
 
not exceed ±1.00 or degrees, whichever is smaller, about aly
 
axis and ±1 or f feet/sec along any axis, whichever is smaller,
 
where f is the frequency in Hertz. 
.3.1.1.1'.1.4.3.2 Linear Range. 
:For input signals at 
least five times 	the largest threshold, hysteresis, signal
 
quantum or command quantum in a given channel, but not large
 
enough to cause signal, velocity or position saturation of any
 
element in that channel, the FCS shall satisfy the requirements
 
of this paragraph with the effects of the residual oscillations
 
of paragraph 3.1.1.1.1.4.3.1 superimposed.
 
(a) The SAS mode shall meet the requirements of MIL-H-8501A.
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(b) The ATT.I mode shall satisfy the vertical control
 
characteristics specifications of MTL-H-8501A.
 
In reaponse to a step change in attitude angle conmand about 
any axis, the attitude angle shall not overshoot the final value
 
by more than 15% of the total commanded change, shall attain 90% 
ofthe total commanded change in less than 1.5 seconds after the
 
step command initiation and shall remain at the final value
 
within 5% or less of the total commanded change within 5 seconds 
after step command initiation,
 
(c) The ATT.2 mode shall satisfy the same requirementsas 
the'ATT.I mode with respect to attitude angle commands, 
-The vertical control characteristics of the ATT.2 system
 
'shall be such that the response to a step velocity command will
 
exhibit a maximum allowable overshoot of the final velocity in
 
accordance with:
 
ZO O.06 AVZC for O<Va < 10 knots 
=(-0.04 + O.O Va) AVzc for 10<Va ,40 knots 
(-4.o + o..va aVzc for Va >40 knots 
where AVzo is the maximum allowable overshoot, AVC, is the 
magnitude of the step command and Va is the'forward airspeed in
 
knots.
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The vertical velocity shall attain at least 90% of the
 
total comnanded change within one second after the initlation of, 
the step command in vertical velocity command. 
'(d) The VEL.1J VEL.2 and VEL.3 modes shall satisfy the same
 
requirements as the ATT.2 mode with respect to vertical control
 
characteristics.
 
The VEL.l, VEL.2 and VEL.3 modes shall respond to a step 
c'hange in forward and lateral commands such that the maximum 
overshoot in response to a step command shall be in accordance
 
with:
 
AH(xy) (0.05 + o o Va) AH(Xy)G for 0<Va40 knots 
02.AH(XY)C for V> 40 knots
-
where AH(y)o is the maximm allowable overshoot, AH(XY)C is
 
the step command size and V is the airspeed in knots, In VEL.2
 
a.
 
and VEL.3, AH is an incremental velocity. In the VEL,1 mode,
 
AH is an incremental acceleration. 80% or more ofthe total 
commanded change shall be realized within five seconds after 
theinitiation of the step command. 
-3.1.1.1l.1.4.3.3 Saturation Signals. 
With system input, 
whi'ch result in system saturation, the FCS'shall constrain the 
.vehicle limits as follows: 
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(a) 	 in all FCS modes
 
,Pitch angle velocity< 250/sec
 
Roll angle 	velocity <250/sec
 
Yaw angle velocity <-25 0 /sec 
(b) In VEL.1, VEL.2, VEL.3 and AUTO modes
 
[Roll 	angle < 45 
Yaw angle unlimited 
°
 1Pitch angle - nominal pitch anglef <10 
.Nominal pitc-angle is the pitch angle ±30 required to trim 
the helicopter for the flight condition being experienced. 
(c) 	In"SAS, ATT.l, ATT.2 modes
 
Maximum angles are limited by direct pilot
 
control.
 
3.1.1.1.2 	Deployment.
 
The airborne units of the
 
,'DFCLS System (see Paragraph 3.1.2.3 Contract End Item List) shall
 
be installed aboard the CH-46C helicopter at NASA Langley Research
 
Center (NASA/LRC) or at NASA/Wallops Island Research Center in
 
accordance with the specifications of paragraph 2.1.3.
 
.ground based units of the DFCLS shall be deployed at
 
NASA/Wallops Island Research Center but the'equipment shall be
 
-capable of fulfilling its function as a subsystem of the DFCLS
 
at any other selected operating site whose resources are equivalent
 
.to those available at NASA/Wallops Island -Research.Center.
 
-The 
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3.1.2 	 ,q sen Definition. 
-3.1.2,1 Sztem Engineerin Docuntation. 
The DFCLS system is made up of Airborne
 
Equipment and Ground Equipment as listed in Paragraph 3,1.2.2. 
These 	 units are interrelated as shorn in Figure 2 which depicts 
the system functional signal flows, interfaces between units of 
the- system and with other equipments normally installed in the 
helicopter, 
3.1,2.1.1 DFCLS SstemSignal 
Requirements.
 
The Flight Control System 
has as its inputs the body axis angular rates (p, q, r), the
 
an, Van 
 Van) 
Euler Angles ( e,G; 0), the ANF frame velocities (Vxn, Va)z 
the Heading Vertical frame velocities NV, V , V.) the pilot's 
control stick and pedal commands (3e ap rp" o ), the in­
dicated airspeed (Va), the sideslip angle (kB), and the FCS and 
Guidance Law discretes. 
The output of the FCS are the commands (ec' ac' rc, Se) 
to the 	EISS.-

Table 6 lists the minimum requirements for the measured and
 
output parameters. in addition to those parameters listed in
 
-Table 6, the hysteresis inherent in the vibration isolators, if
 
required, of the ISU shall not exceed 3 minutes of arc for each
 
of the 	three principal axes.
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INse Cs'eO~t 
RPT~~~~~~~~~~, 1144 ZO 1? 1,.A/-333A~ 
S r /cS 
D TABLE 6,­
a PARAMETER REQUIREMENTS FOR FCS
 
SMINGUMIUT MAXIMUM
 
PARAMETER RATE I QUANTIZATION ALLOWABLE 'MAXIMUM ERROR RANGE OF
 
(SAMPLES/ NOISE (RMS) OPERATION 
a SECOND)4 h -- I --­
jo VERTICAL i ±(.o4 V +.25)ft/zec ?-50 to+250 f /sec VhanHEADING 8 .1 %sec I0.2 ft/sec I h^ ,' h
EIG0 / 0where V is (ft/sec) ±50 ft/sec, v I 
o VELOCITIES
 
"-F - ,L . . ... 5 f. Van Vana 
AN? 8 O. ft/sec, 0.2 ft/sec j±(.04 V. +.25)ft/sec p tx cy t > VELOCITIES' 1±-+30 f Vsee Vz
 
BODY AXIS ,0.20/sec O.50/sec 1±(0.06 + 0.005 0)e
 
ANGULAR 32 16p,q0r'/0/
 
RATES ''
 
- - -- --+-- . . .. . . . . .
EgJLER i+90' Pitch,Roll 
EULER32 10.10 , 0.20 1+ 0.2090 l~hRl
 
ANGLES 0.180' ± Yaw
 
INDICATED -,0.5 ft/sec 5 fec +3% of actual for +30 toAIRSPEED 8 5 ft...... airspeeds above +250 ft/sec
 
I :i130 knots . 
20 _ C ° 
-SIDESLIP 32 0.1 0.2 003 i .35 VadkAm!ATIGLE 
COM\IANDS TO -32 10.005 inches 0.05 inchesl F. A. roll yaw , 
0-12.8 in Coll.
 
PILOTS 32 for See Table 9 N.A. N.A. See Tables 7
 
and 9
COMMANDS' SAS;TO FCS ;8 for Cal
 
other
 
. modes 
'-0
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System noi,. f1t Table 6 is defined as erroneous signals 
which may cause rol system movements or saturations but whic,
 
do not result in Irceptible helicopter mo-ions. For purposes of
 
tnis specificati-- noise snall be defined as those components
 
of error signal, -,--a power spectra be above 20 radians/sec. -
Those components error signal whose power spectra lie below 
20 radians/sec ,,l be defined as errors. The maximum allowable 
'errors in parameis;p measurement while flying the demonstration 
profile of Figure J are listed in Table 6. 
e' 
Table 7 defxnc,:s the pilot's controls parameters. These are
 
summed with the Fr,1-1 feedback and crossfeeds as required by 
Paragraph 3.1.1.1. 
The Precision Radar, Data Link Transmitter and Receiver and 
TSU-(Items 9, 10, 7, 2 respectively in Figure 2) along with the 
update algorithw, strapdown computations, and position and 
,.velocity computations in the Digital Computer, Item 3, shall be 
required to satit'y thetolerances of this paragraph. 
3.1.2.1.2 	System Operational and
 
Operational Requirements.
 
(a) With tht2 EISS disengaged, the DFCLS equipments are
 
turned on by the Cipplication of power through circuit breakers.
 
The "Power" flag of the ,Flight Director shall be removed when
 
the DFCLS system J;3 correctly energized. " Each segment of the
 
system shall hav 1Us own circuit breaker and power supply; 
The povier supplie,, shall accept either 28 ± 3.5 VDC or 115 ± 7­
volts, 3 phase, 4100 hertz AC. 
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TABLE 7 
PILOT'S CONTROLS PARAMETERS
 
C0NAND LAWS
 
TRAVEL SAS (pc,,r 0 ATT.1 (e '
 
1 u e 05.5"l o g .p 0 ), 017 (--- -)6e 0. Ec 57 >O(%1 
%I =0, -O.l<ep <O.1 =0, 0.1sep 0.1 
6ep+fO. 1) +0 1V 
,c7( ep<014(e+~, a _)gP29.ac60±3. 6 5 - ' a O. 1 -­) ,S8p-~SSaCKp- ­
-0.1 
"
 
=O, -0.<8 o.0 1-o, -O.j<9 <0.1 
8+0 ap 
=47 (_ . 5_0+00.1 _0 1 .(), ;0-),ap +0.1 <_- 1 
3.5 a -5 Ia
 
±- p 6 r
 
cp±2.3 ­
-po. =o-o. <0. =0, .rI <0.].Op, -0.2<8 CO O -o-019rp--lcS 
rp" rp 
+0.1 8+0.1
" -,' rp+O ' r +0 
2 2 < .2---. ­
12.8 Raw Collective as for Raw Collective as for 
-bare helicopter bare helicopter
 
I±100 Not Used 1o used 
" -­-
±l0- o Used Not Used 
-", 
. 
_2 .4
0_33 3 
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TABLE 7 (CONTINUED)
 
COIAND LAWS 
CONTROL 7 ----- - --ATT.2 (V ft/sec) VEL.1 (V ft/sec/see) 
LONGITUDINAL-: Same as ATT.l v _= )S >0.-
STICK SI x 5.-F ep0 
(Sep , inch!s) ep =o, -o.l<Sep<0.1 
6 +0.1 
=9 -),8 <!-04 
8 apO.1 °",-• hA 6 )
LATERAL Same as ATT.1 "Vcy=6( )'Sa-

STICK P3
 
( inches)
 
=0) -- -O.<)Sa <0. 2 
=6 -- - 35- -)'ap­aap-O..1

• . -
PEDALS Same'as ATT.1 Same as ATT.1 
"(5rpl,inches) 
COLLECTIVE h 08 Lame as ATT.2
 
LEVER 4czO-O 12. 9" -
(6cp,inches)
 
LONGITUDINAL .­
iSIDE ARM Not Used No± Used
 
o U
CONTROLLER 

ep. degrees)! -. 
'LATERAL
 
SIDE ARM Not Used Not Used
 
1(pdegrees) l
 
Report No. 6200-933033 
 42 
-
-
- -
Bell Aerospace 	Company 
.TABLE 7 (CONTINUED) 
COMM1AND LAWS 	 __COTOCONTROL 	 V ft/se_ VEL3 t/se 
h 6 -0.1,LONGITUDINAI: 
%e ' i Not UsedisricK cx 5.4 
ep inches) =0. -. I <0.i 
ep' ep­
e +0.2
 
=36(---- <-O,
­
ep-

LATERLAL h -0.2 
STICK 	 y 24(--i--),Sa>0.1 i U ,"Not sed 02 3.5 ap-1
'(%Pinches) 
a'=0, 	 -0.o a<&<0.-I
 
9ap+O. I.
 
ap
 
*PZDALS
 
; Same as ATT.1(5 inches) Same as ATT.1

rp'- .	 -
COLLECTIVE­
-LEVER Same as ATT.2 	 Same as ATT.2
 
•( inc hes) 	 ­
-
LONGITUDINAl 	 h = "0 p 
. )dt,!SIDE ARM Not Used " 
- > 2.00
-COTROLLER 	 (2 S j(e degree 
,- <2.00
-.. .	 . -. 
0 2.Q0<S- ep ­
S-ep
 
-0 Oep+20 ,.Sep+2 . 0 , -d:- , ~~~=20(-- e -p*4 ]-ST-­
: . < 2.0' 
--
ep -­
-h aa-2.0
MLATERAL c=0__..O_ + -2 
" 
-- . 0 )dtiSIDE ARM Not Used 
(Sap, dqeees) - " 
ap
,=9 20OZap<--0 
0 -2.0 a.2.0o 
- +2.0 S -2.0 
2f ap+ 
Re por 	 < 260 
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The EISS shall be configured as shown in Figure 3, EISS 
Initial Condition-Switchi.r. 
All pilot's controls shall interface with the Data Adapter
 
Subsystem (DAS). There shall be no other inputs to the EISS
 
except the commands 6 0 b from the DAS and the
 so 6ac' 0rc' cc
 
feedback from the actuator position from each EISS channel to
 
its own input.
 
(b) With the helicopter flying, straight and level and well 
trimmed under the control of the Safety pilot, the Test pilot's 
controls (control stick, side arm controller, rudder pedals,
 
collective stick) shall be placed in the centered position by the
 
test pilot and the feel forces trimmed to zero.
 
(c) The Test pilot shall check the Flight Director on the
 
Pilot's Control and Display panel. If the precision radar has
 
"locked on" to the helicopter and valid ANF frame coordinates of
 
-the helicopter are being processed by the Data Link Receiver and
 
Decoder and if the ISU has been initialized by receipt of the
 
radar derived data, the flags from the Flight Director Commnd
 
bars shall be removed.
 
(d). If the flags are not removed, the test pilot may elect 
by pushbutton selection, one of the following FCS modes; SAS, 
ATT.1, ATT.2, VEL.1, VEL.2, VEL.3. All integrators in the FCS 
computations shall be initialized and the vehicle body angle 
rate, Euler angle and velocity references shall be set. 
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FEEDBACK 
C1PILOT'CONTROLS 
C ;ONTL 
TSi 
-ec--- - AL 
,8e 
--
-
B---F3YPASS 
m *- ________1 VALVE 
0 
to.DATA 
DIGITALCOMPUTER 
DAT 
ADAPTERSUBSYSTEM(DAS) 
"-HYDRAUIIC 
-"Eff.ls 
, 
,NA O,ENGAGEDCOPTE > UBTE' INTEGRAT R 
CANCELLER _ 
COTL 
VALVE 
G 
D 
GED 
ACTUATOR 
, -
NGAGE D 
8G G 
IZKSEN­
+GVDC 
cu 
~3IZ2T~lDU~.QJ 4 ~~iflih----------- -------- hr3 
")ac 
S-
, 
r ---------------
4 EISS ROLL 
CYCLIC CHANNEL-------------L (AS ABOVE) 
- . 
-
w 
Src I EISS YAW 
CYCLIC CHANNEL 
8~---------------r 
r 
cc EISS COLLECTIVE: 
CHANNEL I-- -
ICHANNEL-TA--------- -------
-- --­
--------­
uFIGURE 3 ISS INITIAL CONTDITION SWITCHING 
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If the flags are not removed, the AUTO mode shall not be 
select~ble and chall be inhibited by the absence of the "remove" 
signals from the command bar flags.
 
(e) The test pilot shall then engage the EISS. The 
canceller (Figure 3) in the EISS in conjunction with the 
integrator initialization and reference sets of (d) shall insure 
that no transients occur on engagement. 
(f) In the modes specified in (d), the test pilot shall fly 
the vehicle with the characteristics of the control appropriate ft­
the anode selected. 
With the flags not removed, the following displays shall be
 
•available:
 
AIRSPEED BANK ATTITUDE
 
RADAR ALTIMETER TURN RATE 
BAROMETRIC ALTIMETER -ILS -LOCALIZER AND GLIDE SLOPE 
DEVIATION 
RATE OF CLIMB INDICATOR 
o" " FUEL FLOW 
GYRO COMPASS HEADING
 
-ENGINE RPM
 
PITCH ATTETD-DE
 
°
 CLOCK
 
(g) If the flags from the Flight Director command bars are
 
removed, in addition to the displays of (f), the following
 
-displays shall be available from the ISU - RADAR UPDATED segment
 
of the system: 
ALTITUDE HORIZONTAL SITUATION DISPLAY 
VERTICAL SPEED GROUND SPEED 
Report No. 6200-933033 h6
 
Bell Aerospace Company 
These shall be referenced to the ANF? coordinate frame.
 
(n') If the command bar flags are removed, the test pilot
 
may select,.-by -pushbutton selection the FCS modes of (d) with the
 
additional displays of (g) available.
 
(i) If the command bar flags are removed, the rest pilot
 
may select, by pushbutton, either GUD.l or GUID.2, either of
 
which will compute guidance commands to fly the profiles of
 
Figure 1.
 
If the command bar flags are removed, the test pilot may
 
select by pushbutton any of the FCS modes; SAS, ATT.1, ATT.2,
 
V7EL.1, VEL.2, VEL.3, AUTO.
 
(j) If the AUTO mode of the FCS has been selected, then thE 
helicopter will be automatically controlled to hover over the 
touchdown point in accordance with the profile of Figure 1. The 
..guidance shall be controlled by the laws of GUID.1 or GUID.2,
 
whichever has been selected.*
 
(k) In the AUTO mode of the FP0, the two command bars on
 
the Flight Director shall display the forward and lateral velocity
 
errors respectively. The Glide Slope Index on the Flight Director
 
shall display the vertical velocity error. These errors shall be
 
the difference between the components of the commanded velocity
 
vector and the components of the actual velocity in the Heading
 
.Vertical frame. In the AUTO mode, the .Flight Director command
 
bars shall serve primarily as system performance monitors.
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The p4c;6z controls shall be ioIv when the DELS
 
is-in the -0" mode.
 
_ the command bar flags rk;m,,1vd and either GUID.l 
or GUTD.2 ze-vted, if the test pilot fl lcts one of the FOS 
modes from £A ATT.1, AT.2, VEL.,L,, VEL.3, the helicopter 
remains in ma..ual control with the cont'(,;J appropriate for the 
mode selec-d.
 
With thi combination; the two Flif1, Director command bars 
shall dispiay. forwv;ard and lateral cowuirm]J rrors and the Glide 
Slope- Index chall dL splay the vertical cq(rimand- error as specified 
irxmTable 4.
 
In these modes, the test pilot ni;y fly the profile of 
.Figure I by nulling the command bar, and the Glide Slope Index 
.with the pilot's controls. 
'(m) In the AUTO mode, at speeds below 35 knots, a special 
form of headirn hold shall be incorpovalh;d. This hold will 
automatically hold the helicopter headi:f, in the direction of the 
ayerage relative wind such that long tvrrfl voll ingles to compensate 
for -drosswind are elininated. 
(i). In either -he manual or AUTO mrOdes-of FCS control, the 
guidance laws will bring the -helicoptox 1,o hover at the. pre­
selec'ed height above zne touchdown pojn, When the reauirements 
of Table 5 are satisfied, a LAND SELECOV pilot light shall be 
illuminated on the pruotrs dontrol and ,tXlpldypPanel. 
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At this point, the pilot selects LAND and the guidance 
,cnmputations are continued to touchdown. The mode in control is'
 
bhe mode selected from SAS, ATT.1, ATT.2, VEL.1, VEL.2, VEL.3,
 
A'1TO with the firs; five being manual modes. In the manual modes, 
flie displayed guidance command errors on the Flight Director
 
(ontinue the guidance to toachdown. In the AUTO mode, automatic
 
control is continued to touchdown. 
3.1.2o1.3 Displays.
 
:.(a) The basic display requirements are defined in
 
'ables 8 and 9.
 
The groupings of the displays shall conform with MIL-STD-250B,
 
dated May 1964.
 
(b) Illuminated pushbuttons shall be employed to indicate
 
the DFCLS modes selected.
 
The SAS, ATT.l, ATT.2, VEL.l, VEL.2,.VEL.3 modes of the FCS
 
-jjty 	 be independently selected. Tne last selection mode shall 
be the mode in control. For these modes, the GUID. 1, GUID.2, 
oa?LAND guidance modes need not be selected. 
(c) The AUTO mode of the FCS may not be selected unless the
 
(WUID. I or GUID. 2 guidance laws have been selected. GUID.l or
 
GIJID.2 may be independently selected with the mode last selected
 
teing the mode in control.
 
(d) When GUID.l or GUID.2 have been selected, the FCS mode
 
m1sy be selected from SAS, ATT.1, ATT.2, VEL.1, VEL.2, VEL.3 or
 
4VUTO with the mode last selected being th6 mode in contro!.
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"TABLE 8 
(D ' BASIC DISPLAYS REQUIREMENTS. 
L MINIMUM 
GRADUATION 
DATA DISPLAYED MODES RANGE 
10 at ical 00ft/min Derived Vertical Velocity-Barometric ALL 6 f/min 
l-Mterz Derived Vertical Velocity-
IST3 (Radar Augmented)
"terit, "tiea Velocity-
GUID.1 or GUID.2 
AL 
Al 47,"1 /2
round, 
lSpeedat]! ndlc at or 
ft/,ec Indicated Airspeed-Pitot Tube tALL 
Ground Speed - ISU (Radar GUID.I 
Augmented) 
or GUID.2 
10-250 ft/sec 
D 
Altimetersl2 feet 
{ 
Altitude - Barometric 
Altitude-ISU (Range Augmented)
ITerrain Clearance Altitude -
Radar Altimeter 
ALL 
GUID.1 
ALL 
o-10,000 
or GUID.2 
,NCoa 
ft 
|D 
'd 
Flight
Director 
* 
S, 
5"USAF 
Spherical'Ae eGUiD.I 
Attitud 
Indicator, 
I& Flight 
Director 
ARU-2B/A 
Ion 
1Director bSee 
Table 9, 
* 
Pitch Attitude ALL ERoll Attitude on sphere Errors imply
or UID2 
IForward Velocity Error on AUTO enaged
Horizontal Director bar 
t Forward Velocity Command Error VEL. 1, 2, 3 
on Horizontal Director Bar 
Pitch Attitude Command Error . ATT.1, 2 
Horizontal Director Bar 
ffon Horzota DietoTa 
,DiffColl 'q" Command Error on SAS 
Horizontal Director Bar 
Lateral Velocity Error on AUTO 
Vertical Director Bar 
Lateral Velocity Command Error VEL. 1, 2, Y 
on Vertical Director Bar . 
Bank Command Error on Vertical ATT.1, 2 
, Director Bar 
SeeSpecification 
for 
ARU-2B/ 
a 
TABLE 8 (CONTINUED)
 
0[DISPLAY
3 GRADUATION DATADISPLAYED MODES RANGE 
F Cyclic "p" Command Error on SA-S! light 

Director I Vertical Director Bar
 
o lContinued Vertical Velocity Error on !AUTO
 
ro
0 i Glide Slope Index 
fVertical Velocity Command IATT.2, VEL.I,2.3
I' Error on Glide Slope Index VE.,, 
Vorbical Collective Command 'SAS, ATT.1 
I I ErAror on Glide Slope Index c 
Yaw va(;e on Raeo of Turn Index!ALL 
PoklNq Fzlx:L:1 u1' [Ins,Wa"1 FALL 
Sl.'i.onz laDixoo ,o' Dal, NOT(GUID. I orUf 2) 
Inoperative Flag MI,, Vertical Director Bar INOT(GUID.l or GUID.2)j 
­
"Inoperative Flag a 
,Heading ±-.5- Heading with Respect IALL 136o
 
Indicator,, to Compass North j3Q 
Heading with Respect All W to Set Heading A 
ITS !O.5u G~.lide Slop_3e De viati on ' AL +5 
I~evltion Deviation~ILocalizer
'Meter ,
 
M-Z6-I'Hgil .g "X- .7 1 RFange a-- Cros-s R-g-e-i-- -- GUI-7 or UID.2 .... ,-'x0 

1Situation YX73' stantaneous position of 1 000 ft.
 
Display = y7y I helicopter with respect to
f(7 1x5"CRO ) where I ,I= ANF coordinate system 
inches of I
 
spot dis- 7 1
 jplacement;
 
jx,y feet of
 
Ioffset I 
TABLE S '(CONTINUED) 
C 
1MINIMUMCt DISPLAY GRADUATI ON DATA DISPLAYED MODES RANGE 
0 
Clock Seconds Elapsed Time ALL Standard 
0x 
0 
o Percent 2% Percent of Maximum RPM ALL 0 - 100% 
2 RPM Meter 
Fuel Standard Fuel Remaining ALL Standard 
State 0 
I'C 
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TABLE 9
 
FDT DISPLAY SENSIT 
Differential Collective Command Error 

Cyclic Command Error 

Collective Command Error 

Pitch Attitude Command Error 
Roll Attitude Command Error 

Forward Velocity Command Error 

Lateral Velocity Command Error 

Vertical Velocity Command Error 

0.4 in/in
 
0.4 in/in
 
0.5 in/in
 
2.87 in/rad
 
i.43 in/rad
 
-0.05 in/ft/sec
 
+0.025 in/ft/sec
 
-0.1 in/ft/sec
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(e) The LAND mode which continues the guidance to touch­
down, may not be selected unless either GUID.l or GUID.2 has 
been selected, 
(f) When the conditions for descent to touchdown are 
satisfied, a LAND SELECT pilot light shall be illuminated on 
the pilotts control and display panel. 
(g) 	 When the FCS is commanding heading hold, a HEADING 
tHOLD pilot light on the Pilob s Control and Display Panel shall
 
be illuminated.
 
3,1.2.2 System Segment List.
 
The Airborne Sements of the DFCLS
 
system and their item numbers in Figure 2 are-,
 
Item (1) ,Air Data and Non-Inertial Sensors
 
(a) Side slip vane
 
(b) Pitot tube
 
(c) Barometric altimeter
 
_(d) Gyro magnetic compass
 
J(e) Radar Altimeter
 
Item (2) Inertial Sensing Unit
 
Item (3) Digital Computer
 
Item (4) Basic Helicopter Controls
 
(a) 'EISS 
(bY Side arm controller 
(c) Control stick
 
-(d) Collective stick
 
(e) Rudder pedals
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Item (5) Control and Display Panel' 
.Item'(6) 2LS and Glide Slope Receivers 
Item (7) Data Link Receiver and Decoder 
Item (8) Data Adapter Subsystem (DAS) 
The Ground Based Segments of the DFCLS and their item
 
numbers in Figure 2 are:
 
Item (9) Precision Radar
 
Item (10) Data Link Coder and Transmitters
 
Item (11) !LS Antennas
 
3.1.2.3 	Requirements for Flight Control System
 
Special Hardware.
 
3.1.2.3.1 Tables 10, 11, and 12
 
specify the requirements for those system segment items which
 
interface with the Flight Control System. The input discretes
 
shall be coded externally into a single word for the airborne
 
computer. The output discretes shall be coded into a single
 
'ord by 	the computer and externally decoded to accomplish
 
the required cockpit functions.
 
- 3;1..2.3.2 Table 13specifies the 
.requirements for the Side Arm Controller. Switches specified 
-are hot a requirement for the FCS system as defined by this 
specification, but shall be included to provide capability for
 
monitoring and safety over-rides for system growth.
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TABLE 10 
FCS VARIABLE INTERFACE REQUIREMENTS 
'0 
SYSTEM RANGEAN PUT MINIMUM SAMPLXNG RESOLUTION 
SEM, RANGE AND RATE(SAMPLES/SEC) I(MINTMUM 	 NOTES
cUhes 
STICK, ±-5.5, inches 	 S -- --.1..0 ib/in f oree-giia--eUE ­SGN|__r 
_BITS le
 
-PITCH 0.4 volts DC/in 8 for other modes, 	 'at 25 inch radius 
o 	 IC, -- I+3.6 ince------. F S i lb/in force gradient 
ROLL 	 0.4_volts DC/in 1 8 for other modes i5E-A + I .- degree torqueRM '32 for SAS 

i 8 for other modesI 'gradient, 6 in-lbs
sCONTROLLER 10.2 volt DC/degree 
WO ;PITCH 32 breakout toraue ­
(A JSIDE ARM ±10. forSAS . . Ti .in-bs/dgree torque 
tCONIROLLER 0.2 volts DC/degree 8 for other modest 'gradient, 6 in-lbs break-I 	 O -- Y b in f r e g a i n
IRO L L 
 EDAL noat 	 , torquePEDALS 12 T+--H.-he-s - 3 for SAS __T_ jr_ lbi ocmgain 
0.8 volts DC/in f8 for other modest
 
COLLECTIVE J-l-__ in.ches '32- fr SA W77" 12 O to 5 lbs aTjstable 03 
SI[CKL0.33 volts DC/in 8 for other modesi 	 ifriction force at 18 inch
 
I __ 	 Ira dius be o 
;9.8 volts DC/radian I [ _
 
1 Pff1T01 _TUBEZ 350-150 knots buseful w30-ff­
_0.08 volts DC/knot t 
ISU - I +90 Pitch & Roll 3215 utput based on countingANGLES 1l±800 Yaw ! 3-5 volt pulses, 3 usec I 
fTJIzsec "wide. 1 pulse=1258 secs-V 
.of arc.
 
ANGULAR j "Aes 32 - - 1Derived from angle data. 
RATES _ __ 
OUTPUs TO-EISS 	 ,'"
 
PITCH :+5.5 in,3.92 .in/DCV 32 12
 
ROLL 1±3.6 in,2.41 in/DCV 32 11
 
YAW I±2.3 in,i.36 in/DCV 32 10 '.'
 
I CLETIVE -12.8ip,6.4i 32 12 	 .,-O in/DCV 
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TABLE 11
 
PILOT' S CONTROL PANEL OUTPUT REQUIREMNTS
 
CODED 	 OUTPUT WORD COCKPIT SWITCH 
-0H~ [ 
_ _ C500qw Io pEoH H_ _	 DI MIEGG_ H o 0 	 NOOCQE 
SI 	 0 G UDAC I!
 
0 	 DISENGAGE 
01 	 1 IGUIDANCE I 
1
~: 0~ GUIDANCE IT 
0O~ DISENGAGEf0 
0 0IiSAS 
0 1 0 ATTITUDE I 
0 1 1 ATTITUDE II 
1 0 	0 . VELOCITY I
 
I 	 1 0,1- VELOCITY IT 
1- 0 VELOCITY III-
.1"1 iAUTOMATIC
 
0 LAND OFF ­
- -! LAND ON
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TABLE 12 -
PILOT'S CONTROL PANEL INPUT REaD-IREMENS 
CODING OF INPUT WORD " Ff W 
o I o.Z Ho COCKPIT USE
 
ZH Q~ 0 W[-, E-0 a) OiZlCv)

Hi 1 :. c~; 1 QHqH HZI2rxtn - -
S0 00 Disengage light on 
0 0 1 SAS light on
 
0 100 Attitude "I light on
 
0 i 1 Attitude iI light"on
 
i 0 0 Velocity i light on 
S1001 Velocity II light on. 
1 0 Velocity III light on 
1 1 1 Auto light on 
, - 0 Heading hold-light off 
-- -" . , hold light-Heading on
 
0 Disengage,warning light off
 
- 1i Disengage warning light on 
0[I Flight director off
 
1. Flight Director on , 
0 - 0 Guidance Disengage light on 
1 01 V:Guidance 1 light on 
1 0 Guidance 2 light on . ­
0 . i Land light off
 
Il1 I Land light on
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TABLE 13 
SIDE ARM CON2ROLLER 
A. Two Axes Required (Pitch and Roll) 
B. Output Signal Characteristics for each axis:
 
DC (Output voltage) = .6 ( ) >20 
= O -2<G<20
 
= 1.6 ( 	 + 2) e <-20 
8 
Nominal Range 	 ± 1.6 VDC
 
Maximum Range 	 ± 2.0 VDC
 
Total Null Between
 
Detent switch positions Max. 30 millivolts rms
 
Source Impedance lTss than 2000 ohms
 
toad Impedance (normal) 10 K-± 10%
 
Load Impedance (emergency) Max: Open circuit
 
Min: zero
 
Maximum Switch Contact
 
Resistance milliohms
-25 
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TABLE 13 (CONTINUED)
 
C. Performance Characteristics
 
BREAKOUT LOWER LIMI4T 	 INIMAXIMUMN JTORQUE AT 
TORQUE I0F SOFT STOY EPER LIMIT STEP IN fNOMINAL HARD 
I(SEE NOTE 5) TORQUE OF SOFT STO 0ORQUE ATSTOP POSITION 
in-lbs) !(in-abs) TORQUE SOFT STOl] (in-lbs) 
____ _ _(in-lbs) (in-lbs)j 
iROI,2 j4 .8-± 3.2 10 q0± 
jPITC1 16.5 ± 1.3 23 ± 5.8 46.8 1 I 16 ± 9.2 
In each axis: 1) Mechanical Dead Band 	 0.25' Max.
 
2) Detent Switch Actuation '1.250 ± 0.75­
3) Direct Switch Actuation 22.50 ± 17
 
00o+2010020
 
-4) Soft Stop Position 

5) Transducer Output at
 
-0
Soft Stop 	 1.6 volts 0

'(See Note 2)
 
,6) Manual Override Switch
 
20

-110Actuation 

'(See Note i)
 
7): Hard Stop Position 	 130 ± 10 
NOTES:
 
1. In each axis, the manual override switch actuation point
 
shall occur at a displacement of at least .5' after the soft
 
.stop, 	and not less than 50 -prior to contacting the hard stop. 
The displacement between the soft stop and the hard stop shall 
not be less than 20. 
- 2. The output voltage as a function of grip displacement, 
shall be proportional between the transducer breakout point and 
the soft stop, within 5% linearity. 
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TABLE 13 (CONTINUED)
 
NOTES (Continued)
 
3. -The transducer signal breakout point shall occur on or
 
after the detent switch actuation but not at a displacement of
 
greater than 20,
 
4. The displacement between the mechanical dead band and
 
the detent switch actuation shall not be less than 0.5 degrees.
 
5. The breakout force for both axes must fall within the 
corridor bounded, on the high side, by a'lne connecting the 
maximum allowable breakout torque at 0 degrees displacement and 
the maximum allowable lower limit soft stop torque at 10 degrees 
displacement. The boundary on the low side will be formed by 
lines connecting the following three points: 
a) 	Zero torque at 0.25 degrees displacement.
 
b) Minimum allowable breakout torque at 0.7_ degrees
 
displacement
 
c) 	Minimum allowable lower limit soft stop torque
 
at 12 degrees displacement.
 
6. 	Torque in the increasing torque direction at all
 
displacements shall be within boundaries defined by straight
 
lines connecting the limits described in table, except this
 
limit does not apply at the displacements at which any switch
 
is actuated.
 
7. Decreasing torque shall be 60Lp or more of the increasing
 
torque at any displacement except that, in the pitch axis only,
 
at an environmental temperature of 0°F, the decreasing torque shall
 
be 50 percent or more of the increasing torque at any displacement.
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3.1.2.3,3 Pilot's Control Panel (PCP.
 
(a) The pilot's control panel shall interface mechanically
 
and electrically with the CH-46C helicopter. Control Drawings
 
-which specify the dimensions and mounting arrangement of the PCP
 
shall be submitted to the Contracting Agency for approval.
 
(b) The PCP shall incorporate coding and decoding equipments
 
to interface with the airborne digital computer. The functions
 
and coding format of the output word shall be as shown in
 
Table 11. The function and coding format of the input word
 
shall be as shown in Table 12.
 
-'(c) Each control mode switch shall be a modular, flush­
mounted, illuminated, pushbutton unit which includes a holding
 
-coil 
 for electrical interlock, and a particular functional
 
description engraved on the front lens. The switch type shall be
 
Master Specialties Part No. lIi3ClF2L(A)NlRl, or equivalent.
 
The switch-light modules shall be labeled and grouped as shown
 
in Table 11 with Guidance, Flight Control aid Land being separate
 
groups.
 
(d) +27.5 ± 3.5 VDC shall signify a bit 1 and 0 ± 0.5 VDC
 
shallrsignify a bit 0.
 
(e) Two miniature incandescent, press-to-test indicator
 
lights shall be available at the PCP. The indicator characteristics
 
shall be defined by MIL Standard MS25331.
 
Each-indicator light shall be illuminated only upon receipt
 
of a signal as specified in Table 12.
 
The function of each light shall be identified by Tabeling
 
on the PCP.
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The indicator functions and their respective NIL standard
 
variation (to identify lens color) are:
 
Heading Hold 4vS25331-4 (amber)
 
Land M325331-3 (green)
 
(f) In addition to the coding interlocking specified in
 
Table 11, the switches shall be interlocked electrically through
 
their holding coils for safety reasons. The switches shall be
 
.interlocked such that they may be actuated only in the combinations
 
permitted by Table 14.
 
.3.1.3 Operability.
 
3.1.3.1 	General.
 
Due to the experimental nature of the
 
system, the normal Operability requirements do not apply. The
 
following Operability requirements shall be determined by
 
mutual agreement between the Contracting Agency and the vendor.
 
Reliability
 
Maintainability
 
Useful Life
 
Transportability
 
Human Performance
 
Safety
 
3.1.3;2 	Natural Environment. 
The following document shall apply. 
Environment Design and Test Specification for V/STOL Phase II 
Equipment, GS-PGS-O01, dated September 19, 1969, Rev. 1, 
NASA/ERC, Cambridge, Mass. 
This document Js reproduced as Appendix 7.1. 
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3.2- System 	Design and Construction Standards.
 
3.2.1 General Design and Construction Requirements.
 
3.2.1.1 Selection of Specifications and Standards.
 
The criteria and order of precedence for
 
the selection of specifications and standards to be used in the
 
design and fabrication of the DFCLS System shall be in accordance
 
with MIL-STD-143. All standards and specifications, other than
 
those listed in ANA Bulletin No. 400, must be approved by the
 
procuring agency prior to incorporation into this specification.
 
3.2.1.2 Material_ s Parts and Processes. 
The requirements for control and
 
selection of materials, parts, and processes to be used in the
 
design and fabrication of the DFCLS System are as specified in
 
the following subparagraphs. Material and parts shall use
 
noncritical and nonstrategic materials to the greatest extent
 
practicable. JIL-E-4158 Standard List of Components shall be
 
used as a guide.
 
-3.2.1.2.1 Materials.
 
Materials shall conform to
 
applicable specifications, and shall be as specified on the
 
applicable drawings. All materials used in construction of the
 
units shall be of high quality and suitable for the purpose
 
intended.
 
3.2.1.2.2 Parts.
 
3.2.1.2.2.1 	Electron Tubes.
 
-Electron Tubes used in the
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equipment shall be chosen from those listed in Specification 
YiL-E-1. 
3.2.1.2.2.2 	Visual Inspection. 
All parts shall be
 
inspected for physical defects, proper identification and
 
markings, and general appearance. The contractor shall develop
 
standards outlining inspection methods including criteria for
 
acceptance or rejection of parts.
 
3.2,1.2.2.3 Traceability.
 
There shall be no
 
traceability requirements.
 
3.2.1.2.2.4 	Specification and Source
 
Control Drawings.
 
All parts for use in the
 
DFGLS System not covered by ANA Bulletin No. 4100 shall be
 
considered non-standard. Specifications or source control
 
drawvzings shall be prepared by the contractor for all nonstandard
 
piece parts and others as required.
 
3.2.1.2.2.4.1 	Special Screening.
 
Best commercial,
 
-practice shall apply.
 
3.2.1.2.2.4.2, Processes.
 
--Best commercial
 
practice shall apply.
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3.2.1.3 Standard, Commercial and Qualified Parts. 
Natlonal Aerospace Standards (NAS) 
shall be used whenever they are suitable for the purpose and 
shall be identified on the drawing by their part number. 
Government sbandard parts (MS, AN, JAN or MIL) shall be used as 
a second order of precedence choice. In the event there is no 
suitable NAS or Government part in effect -on the date of 
invitation for bids, commercial parts may be used provided they 
otherwise conform to all requirements of this specification. The 
Use of nonstandard parts shall require written approval of the 
procuring agency or authorized representative. Qualified 
products listed parts shall be used to the greatest extent 
practical. 
3.2.1.4 Moisture and Fungus Resistance.
 
Nonmetallic materials, such as fabrics) 
plastics, and protective coatings, shall resist damage from 
moisture and shail prevent the growth of fungus when subjected 
to the environmental conditions specified herein, and must 
satisfactorily pass the fungus test of MI'T-STD-810. MIL-E-540o 
ahd MIL-T-152 shall be used as a guide. 
-3.2.105 Corrosion of Metal Parts.
 
All metals used that are subject to
 
deterioration shall be suitably protected to resist corrosion
 
or they shall be of the corrosion-resistant type. MIL-E-5400
 
and vL-STD-454 shall be used as a guide.
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3.2.1.5.1 :alssimilar Netals. 
Whe 	use of dissimilar
 
metals shall be controlled in acoordamee with MS 33586. They 
shall not be used in contact with ea t other unless suitably 
protected against electrolytic or cheiical corrosion or 
deterioration to the extent that no cvatamination or operational 
impairment results for the useful life of the equipment. 
3.2.1.5.2 rotective Treatment.
 
3Taterials used that are 
subject to deterioration, shall be prvtected against -such 
deterioration in -a manner that will azsure compliance with the 
performance requirements of this specification. The use of
 
protective coatings that will crack, chip, or scale with age or 
-extremes of climatic and environmenta2 conditions shall be 
* avoided. 
3.2.1.6 	-nterchangeability and Replaceability. 
- All DFCLS units hiaving the same part 
number shall be directly interchangeable with one another with 
-regardto installation, interconnection, and performance.
 
-NIL-E-5400 and ASA Y32-16-1965 shall te used as a guide. 
3,..?-7 Workmanship. 
The packaging concept selected for the 
- DFCLS system, including all modules and assemblies,, shall be 
conducive to high standards of workmanship to insure satisfactory 
operation, reliability, and durability consistent with the useful 
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life and application of the unit. Workaanship standards
 
implemented shall be applicable to the design concept and are to
 
be used'in the inspection of the fabricated items.,
 
3.2.1:.8 Electrcrnagnetlc Interference.
 
As a detign objective, the DCLS System
 
shall be designed to comply with the electrical interference
 
requirements of MIL-I-6181.
 
3.2.1.9 	 Identification and Marking. 
Identification data shall be complete, 
unambiguous and in accordance with best commercial practice. 
3.2.1.10 	Storage.
 
The DFCLS System shall be capable of
 
meetipg the nonoperating environment of the Continental United
 
-States. 
3.2.2 Design Disciplines. 
3.2.2.1 Electrical. 
As a design objective, on items which 
are not "off-the-shelf", all airborne electrical or electronic 
equipment shall comply with the minimum requirements of IfL-E-5400 
MIL-STD-415, MIL-STD-46- and NIL-STD-454. 
- All ground units of the DFCLS shall be comprised of "off­
,the-shelf" or existing designs. 
3.2.2.2 	Mechanical.
 
Not applicable.
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3.2.2.3 	Civil.
 
Not applicable.
 
3.2.2.4 	Nuclear.
 
Not applicable.
 
3.3 	 Performance Allocations. 
3.3.1 	 Government System Segments.
 
NASA/ERC, or their designees, shall be
 
responsible 	for: 
.(a) Coordinating liaison between all contractors and NASA! 
Langley and NASA/allops Islahd. 
(b) 	Coordinating the design of all interfaces (mechanical, 
electrical, and electronic) between the DFCLS equipment and the
 
aircraft, and also with obher equipment installed in the CH-46C
 
helicopter.
 
(c)- efinition of the flight evaluation and flight test
 
procedures and requirements for the DFCLS System as installed
 
in the CH-46C helicopter.
 
(d) 	NASA/Langley shall be responsible for the Maintenance
 
of the 	CH-46C helicopter and the availability and training of 
the 	pilot's and flight crews.
 
(e) NASA/Wallops Island shall be responsible for the
 
operation and maintenance of the ground based segments of the
 
DFCLS System.
 
3.3.2 	Prime Contractor System Segments.
 
The prime contractors shall be responsible for:
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(a) The equipment (airborne and-ground) meeting the 
requirements of Paragraphs 3.1.1 through 3.1.1.3.8 which are
 
incorporated herein by reference in their entirety.­
(b) Developing and acquiring approval from the procui ng
 
agency for ground checkout procedures of both airborne and
 
ground DFCLS equipments.
 
4.o QUALITY ASSURANCE. 
4.1 Category I Test.
 
4.1.i Engineering Test and Evaluation.
 
Engineering tests and evaluations shall be
 
performed on the complete DFCLS System, the airborne segment,
 
ground segment, and the individual units of each (listed in
 
Paragraph 3.1.2.2) to the extent necessary to prove their
 
conformance with the requirements stated herein and in the
 
contract (as applicable).
 
.. 1.2 -Qualification Testing.
 
Formal qualification testing shall be performed
 
-on each Contract End Item and Engineering Critical Components
 
to the extent necessary to prove conformance with the require­
ments listed herein and in the contract (as applicable).­
-
4.1.2.1 Qualification by Certification.
 
"ualification by certificazion of
 
,purchased units or parts shall be acceptable in lieu of testing.
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4.1.3 	 Reliability Testing. 
Reliability testing of he DFCLS System, units
 
and parts, shall be performed to the extent agreed upon between
 
the contractor and the contracting agency.
 
4.2 	 Category II Testing.
 
Nob applicable.
 
5.0 	PREPARATION FOR DELIVERY.
 
Units of the DFCLS System shall be packaged and packed in
 
accordance with the contractor's standard procedures except as
 
modified by the terms of the contract.
 
6.0 	NOTES.
 
Information to be furnished at a later date as applicable.
 
7.0 	APPENDICES
 
-7.A. 	 Environmental Designad Test Specification for 
V/STOL Phase II Equipment. 
National Aeronautics and Space Administration
 
Electronics Research Center
 
Cambridge, Massachusetts 02139
 
GS-PGS-001
 
Date: 	 September 19, 1969
 
Rev.: -1
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ENVIRONMENTAL DESIGN AND TEST
 
SPECIFICATION FOR V/STOL
 
PHASE 1I EQUIPMENT
 
1. 	SCOPE:
 
This specification covers the environmental design
 
and environmental test requirements for all V/STOL
 
Phase II equipment except subassemblies containing sen­
sors such as gyroscopes, etc. It applies to ground
 
support equipment generally housed in air conditioned
 
vans and flight equipment to be used for tests in heli­
copters and pressurized aircraft. It does not apply to
 
equipment which is expected to encounter space environ­
ments.
 
2. 	APPLICABLE DOCUMENTS:
 
The following documents and drawings of the issue
 
date and revision letter shown form a part of this
 
document to the extent specified herein. Where portions
 
of this document conflict with the requirements of the
 
documents or drawings noted below, the requirements of
 
this document shall govern.
 
A. 	MIL-E-5400K Electronic Equipment, Airborne General
 
Specification for, dated May 24, 1968.
 
B. 	MIL-STD-810B Environmental Test Methods dated
 
June 15, 1967.
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C. 	MIL-STD-831 Test Reports, Preparation of,
 
dated August 28, 1963.
 
D. 	MIL-STD-461 Electromagnetic Interference
 
Characteristics, Requirements
 
for Equipment dated July 31, 1967.
 
B. MIL-STD-462 	 Electromagnetic Interference
 
Characteristics, Measurements of 
dated July 31, 1967. 
3. 	 REQUIREMENTSr 
3.1, General 
3.1.1 Simultaneous Environments - For design purposes
 
(not test purposes) the following environments occur
 
simultaneously. Worst case combinations shall be
 
assumed.
 
A. 	Flight (including takeoff and landing), operating
 
* and non-operating: 
a. 	Pressure - temperature - humidity
 
b. 	Sinusoidal vibration - one half of
 
acceleration - temperature
 
c. 	Random vibration - one half of acceleration ­
temperature
 
d. 	Mechanical shock - temperature - thermal shock.
 
B. 	Ground, operating and non-operating:
 
a. 	Temperature and humidity
 
b. 	Mechanical shock - temperature - thermal shock.
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C. 	Transportation:
 
Same as A above.
 
D. 	Storage:
 
Same as B above.
 
It shall be noted that the dynamic inputs may occur
 
along any axis of the equipment, not only along the
 
cardinal axes, and that the axes for the shock, vibra­
tion 	and acceleration inputs may not coincide. The
 
equipment shall meet its requirements under all of the
 
above simultaneous environments and worst combinations
 
of input axes.
 
3.1.2 Environmental Design and Test Requirements -
The equipment shall perform in accordance with its 
performance specification before, during and after 
exposure to all the environments specified herein. 
The 	environmental requirements are divided into
 
environmental design and environmental test require­
nents; The environments specified in the design
 
xequirements are expected to be encountered during the
 
ilife of the equipment; Since it is not feasible (as
 
in the case of simultaneous environments) or economical
 
to subject the equipment to all environments prior to
 
delivery and flight, standard tests to be performed by
 
-the contractor are also given in this specification.
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However, the satisfactory completion of the specified
 
teats does not relieve the contzactor from the respon­
sibility of providing equipment which will also meet
 
the design requirements.
 
3.1.3 Order of Tests - The order of testing shall
 
conform to the sequence given in Table I, MIL-STD­
810B, Column j, Group II, pp. 6, 7.
 
3.1.4 Tolerances for Test Parameters - The require­
ments of paragraph 3.1.2 of MIL-STD-810B apply.
 
3.1.5 Government Witnessinq of Tests - Unless
 
specified otherwise, the tests shall not require a govern­
ment witness. However, the contractor shall notify
 
NASA/ERC at least two weeks in advance of the date on
 
which a test will commence and NASA/ERC reserves the
 
right to send observers.
 
,3.1.6 Test Reports - The test reports shall, as a
 
minimum, meet the requirements of MIL-STD-831.
 
3.2, Environmental Design Requirements 
_3.2.1 Flight Equipment - Operatinq and Non­
operating 
3.2.1.1 Interference Control Requirements - The
 
operation of the equipment shall neither adversely
 
affect the operation of other equipment nor shall it
 
be adversely affected by interference voltages
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and fields reaching it from external sources installed
 
nearby. The requirements specified in MIL-STD-461 and
 
MIL-STD-462 apply to the extent specified in the equip­
ment specification.
 
3.2.1.2 Explosive Atmosphere - The environment defined
 
in Procedure 1, Method 511 of MIL-STD-810B applies. No
 
failure of the equipment or an explosion shall occur.
 
3.2.1.3 Pressure - Altitude - The equipment shall 
operate continuously at any altitude from sea level to 
15,000 feet except that the equipment shall operate 
within specification following a sudden decompression 
during abnormal flight conditions to 40,000 feet. 
3.2.1.4 High Temperature - The equipment shall be
 
designed for the maximum temperature profile given
 
,An Figure 1.
 
3.2.1.5 Low Temperature - The equipment shall be
 
'designed for the minimum temperature profile given
 
in Figure 2.
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3.2.1,6 Temperature Shock - The equipment shall be
 
designed for the temperature shocc environments given
 
below:
 
A. 	 Operating: 45 deg. F./minute - 20OF to + 1400F
 
300 times up and down.
 
B. 	Mon-Operating: Environment defined by method 503,
 
MIL-STD-810B.
 
3.2.1.7 Rain -	The equipment shall not be damaged by
 
rain. The conditions defined by Method 506, MIL-STD­
810B'apply.
 
3.2.1.8 Humidity - The equipment shall be designed for
 
a relative humidity range of 0-100 percent.
 
3.2.1.9 Fungus 	- Paragraph 3.2.24.8, MIL-E-5400K applies.
 
3.2.1.10 Salt Atmosphere - Paragraph 3.2.024.9, MIL-

E-5400K applies.
 
3.2.1.11 Sand and Dust - Paragraph 3.2.24.7, MIL-E-5400K
 
and the environment defined in Method 510, MIL-STD-810B
 
apply.
 
: 	3.2.1.12 Acceleration - The environment defined by
 
paragraph 3.3.4, Method 513, MIL-STD-810B, for aircraft
 
and helicopters applies, except that for crash safety the
 
mounting points &individual attaching devices shall with­
stand a steady acceleration of 30 gravities.
 
3.2.1.13 Random 	Vibration - The equipment shall be designed
 
for the random vibration profile given in Figure 3.
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3.2.1,44 Sinuuoidal Vibration - The oquipmont
 
shall be designed for the levels and exposure times
 
given in MIL-STD-810B, Method 514, Procedure 1.
 
PFiure 4. Sinusoidal Vibration Profile, applies.
 
If the equipment is provided with vibration isolators
 
the additional requirements of Part 4, Procedure 1,
 
applies at the level given by Curve B, Fig. 514-1.
 
3.2.1.15 Acoustical Noise - The environment defined by
 
Category A, Method 515, MIL-STD-810B applies. The time
 
duration is 1000 hours.
 
3.2.1.16 Shook - Paragraphs 3.2.24.6.1 and 3.2.24.6.2,
 
MIL-E-5400K apply.
 
3.2.2 Flight Equipment - Transportation and Storage
 
3.2.2.1 General - During the exposure specified herein, 
the equipment shall be packaged, unless stated otherwise,
 
in a non-hermetically sealed container provided by the
 
contractor. The equipment shall not be damaged and
 
shall meet all the requirements of the equipment specifi­
cations after these exposures. The container shall be
 
reuseable after these exposures.
 
3.2.2.2 Altitude - 150 hours at 50,000 feet. Four 
years at sea-level." 
3.2.2.3 Temperature - -60 0 F to +1600F.
 
3.2.2.4 Temperature Shock - As specified in'paragraph
 
3.2.1.6B above.
 
3.2.2.5 Rain - As specified in paragraph 3.2.1.7 above.
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3.2.2.6 Humidity - As specified in paragraph 3.2.1.8
 
above.
 
3.2.2.7 Fungus - As specified in paragraph 3.2.1.9
 
above.
 
3.2.2.8 Salt Atmosphere - As specified in para. 3.2.1.10 
above. ­
3.2.2.9 Sand and Dust - As specified in.para. 3.2.1.11 
above. 
3.2.2.10 Acceleration 10 g
 
3.2.2.11 Vibration - The environment defined in Method
 
5i4, para. 4.10, Procedure X, MIL-STD-810B Curve AB
 
applies.
 
3.2.2.12 Shock - The environments defined in Procedures
 
-11 and V, Method 516, MIL-STD-810B apply. In Procedure
 
II the drop height requirement is limited to 30 inches.
 
3.2.3 Ground Equipment - Operating and Non-Operating 
.3.2.3.1 General - Theground equipment will in general 
be installed and operated in airconditioned stationary 
vans in a salt-sea environment. When the vans are 
transported over normal roads (equipment not operating)
 
the features provided by the equipment contractor, such
 
as locking devices for moving parts, vibration isolators,
 
etc., will be utilized. Covers, provided by the cont­
ractor, will be used when the equipment is installed but
 
not operating in the vans. The equipment in the
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nbn'operating mode, will be exposed to a non-air­
conditioned van environment for one year. The above
 
protective devices shall protect the equipment from
 
the environmental hazards that might occur when the
 
equipment is not operating.
 
3.2.3.2 Environment - Operating - Salt-sea atmosphere,
 
van air-conditioned to 650F to 860F and 40 to 80 percent
 
relative humidity.
 
-3.2.3.3 Environment- Non-Operating Salt-sea
 
atmosphere -350F to +140F, relative humidity 5-100 per­
cent.
 
3.2.4 Ground Equipment - Transportation and Storage
 
Reusable shipping containers shall be provided by the
 
contractor to protect the equipment from environmental
 
hazards that might occur beyond the operational-envelope
 
during loading, unloading, transport and storage. No
 
inherent reliability deterioration shall be caused by the
 
, above noted hazards during the time the equipment is
 
packaged. The limitations on the environmental exposures
 
'and means of transport during shipping of the equipment
 
shall be clearly marked on container. The equipment
 
will be stored in Cambridge, Massachusetts and the storage
 
environment for the packaged equipment is:
 
A. Temperature: -35OF to +115°F
 
B. Relative Humidity: 5 to 100 percent
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Environmental Teat Reguirements
 
Paragraphe 3.2 and 3.3 of MIL-STD-810B apply.
 
3.2.1 Flight Equipment - Operating 
3.3.1.1 Sinusoidal Vibration - Test in accordance with
 
Method 514, MIL-STD-810B, Procedure I. Levels imposed
 
by paragraph 3.2.1.14 above apply.
 
3.3.1.2 Temperature - Altitude
 
3.3.1.2.1 High Temperature - The temperature profile given
 
in' Figure 1 shall be followed. The equipment
 
shall be turned on after the equipment was soaked at the
 
maximum temperature for three (3) hours. The equipment
 
shall be operated continuously at the lower temperature
 
given in Figure I for not less than four (4) hours. The
 
pressure in the chamber shall be maintained at 15,000 ft.
 
- altitude. Heat transfer shall be accomplished by convection 
only. The chamber walls shall have an emissivity of less 
than 0.1 (aluminum foil for example) and heat transfer 
.at 	the chamber walls through contact joints shall be
 
minimized by means of insulating spacers (wood, plastic,
 
-etc.) 
3.3.1.2.2 Low Temperature Same as paragraph 3.3.1.2.1
 
except the temperature profile given in Figure 2
 
shall be followed and sea level pressure shall be maintained.
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3.3.2 t i- O ating 
3.3.2.1 Temperature Shock - Test in accordance with 
Method 503, MIL-STD-S1OB. 
3.3.3 Ground Equipment - Operating - No test 
required. 
3.3.4 Ground Eliipment - Non-Operating'
- No test 
required. 
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